For the initial value problem for the Vlasov equation with the potential of interactions ±r −2 , we prove the existence and uniqueness of a local solution with values in the Schwartz space S of infinitely differentiable functions rapidly decaying at infinity.
1. Introduction, notation, and results. Vlasov equation and its various modifications are classical equations of physics. They appear in the mean-field approximations of the dynamics of a large number of interacting classical particles (molecules). Currently, there is a numerous literature devoted to its mathematical treatments. In particular, in [2, 5, 7, 12] a well-posedness for this equation supplied with initial data and its derivation from molecular dynamics are considered in the case when the potential of interactions between particles is smooth and bounded. In [1, 3, 6, 8, 10, 11, 13, 15] , this equation is studied for the singular Coulomb potential U(r ) = ±r −1 (in [6, 13] , the Vlasov-Maxwell system and the two-dimensional Vlasov-Poisson system are considered, respectively). In [9] , the local existence of smooth solutions in the case U(r ) = ±r −2 is studied. We also mention paper [14] where a well-posedness of this equation supplied with a joint distribution of particles at two moments of time is proved. In the present paper, we consider the problem
where all quantities are real, x, v ∈ R 3 , κ is a constant, ∇ x and ∇ v are the gradients in x and v, respectively, v · ∇ x f and ∇ v f · E(x, t) are the scalar products in R 3 , and f is an unknown function. For any fixed t, f (t,x,v) regarded as a function of (x, v) has the sense of a distribution function of particles in (x, v) ∈ R 3 × R 3 . Therefore, the following requirements are natural:
Generally speaking, it is known that proving the existence of a solution for problem (1. [9] . In fact, we prove a similar result by using another method that allows to treat the problem in a simpler and shorter way. We do not exploit the known method of characteristics but we use an approach known in the theory of nonlinear PDEs, too. Our results also hold for potentials of interaction of a more general kind U(r ) = κr −2 +U 1 (r ), where U 1 (r ) is a function continuously differentiable everywhere except maybe the point r = 0 where it may have a singularity of order |r | a−2 with 0 < a < 2 and U 1 (r ) must satisfy certain conditions of decay at infinity. Now, we introduce some notation. Let
(1.5)
The linear space S is equipped with a topology of open subsets becoming a complete topological space. This topology is generated by the system of seminorms
where
. By C(I; S), where I ⊂ R is an interval, we denote the linear space of all continuous functions g : I → S such that each seminorm p k,m (g(t)) and q k,m (g(t)) is bounded uniformly in t ∈ I.
Our main result here is the following. 
) has a unique local solution f(t,x,v) satisfying f(t,·, ·), f t (t, ·, ·) ∈ C([−T ,T ]; S).

Remark 1.2.
As is shown in [4] , if κ > 0, then problem (1.1), (1.2), (1.3), and (1.4) possesses solutions blowing up in finite intervals of time. So, in this case, generally speaking, solutions we consider can be not continuable onto the entire real line t ∈ R.
Proof of the theorem. Let ω(·) be a nonnegative even
, where the star means the convolution. Consider the following sequence of regularizations of problem (1.1), (1.2), (1.3), and (1.4):
The following statement is a corollary of results in [2, 5, 7, 12] . (t,x,v) .
Proof. As is well known, there exists C 1 > 0 such that
and
. Hence, we have, for g ∈ S,
Let [a] be the maximal integer not larger than a real a and let an integer m 0 > 0 be such that each Sobolev space H l+m 0 (R 3 ×R 3 ) with a positive integer l is embedded into
In what follows, we exploit the following embeddings (g ∈ S): 
where r i , p j run over all integers. Observe that for any integer
for all α. Now, inequalities (2.9) follow by standard Sobolev embeddings applied to each cube K α with further summing in α.
Lemma 2.3. There exist T > 0 and C > 0 such that
for all t ∈ [−T ,T ] and all n = 1, 2, 3,... .
Proof.
We derive our estimates only for t > 0 because the case t < 0 can be treated by analogy. Integrating by parts in v using the independence of 
(2.13)
To estimate the term with the (m 1 + 1)st derivative of f n , we integrate by parts in v and use the fact that E n (x, t) does not depend on v. Also, as above, we estimate the uniform norm of E n (x, t) by
) and apply Hölder's inequality. To estimate all other terms in the right-hand side of equation (2.13), observe that the order of one of the derivatives in (1 +|v|
is not larger than m 0 + 1 and therefore, either one has 14) or the estimate in the fourth string of (2.9) takes place; in addition, we estimate the L 2 -norm of the other cofactor with the derivative of order larger than m 0 + 1 by the same quantity corresponding to it. So, applying Hölder's inequality, we arrive at the estimate
1 +|v|
Finally, we deduce by complete analogy
Now, in view of (2.12), (2.13), (2.14), (2.15), and (2.16), denoting A = p
and our claim is proved.
Proof. Again, we consider only the case t > 0. We have from (2.1) 
